Previous clinical studies have shown the safety and efficacy of the traditional Chinese medicinal herbal aqueous extract Chan-Yu-Bao-Yuan-Tang (CYBYT) for the treatment of lung and cervical cancer patients. Used in combination with 5-fluorouracil (5-Fu), CYBYT has been observed to be particularly effective in cancer treatment. Herein, the combined anticancer effect and the underlying mechanisms of 5-Fu and CYBYT in the human lung cancer cell line A549 and the human cervical cancer cell line HeLa were investigated in vitro. The MTT assay, Annexin V-FITC staining and Western blotting were applied to identify cell viability, the stages of apoptosis and the expression of signaling proteins, respectively. The results indicated that CYBYT and 5-Fu, alone or in combination, significantly inhibited proliferation and induced marked apoptosis in A549 and HeLa cells, but had no significant inhibitory effects on normal human IMR-90 fibroblasts. The rate of mid and late apoptosis or necrosis was greater after 5-Fu treatment compared to treatment with CYBYT or the combination of agents; however, the early apoptotic rate showed opposite results. CYBYT and 5-Fu, alone or in combination, up-regulated cleaved caspase-3 expression in a time-dependent manner, with CYBYT being more effective than 5-Fu. Taken together, our data show that the pro-apoptotic activity of the two-drug combination was much stronger than that of CYBYT or 5-Fu alone; CYBYT combined with 5-Fu had synergistic effects at lower concentrations and promoted apoptosis, while the combined treatment also decreased the cytotoxic side effects of 5-Fu.
Introduction
Lung cancer is the first and cervical cancer is the third most common malignancy in women worldwide, and the two remain the leading causes of cancer-related death for women in developing countries (1, 2) . At present, surgery and chemotherapy are the main therapeutic methods used for the treatment of cancer; however, existing chemotherapeutic drugs do not demonstrate ideal curative effects and additionally exhibit numerous undesirable side effects. A combination of multi-therapeutic methods may effectively improve the treatment of lung and cervical cancer patients, minimize their symptoms, reduce the toxicity of conventional chemotherapeutics and prolong their survival time (3) .
For the past 40 years, 5-fluorouracil (5-Fu) has been one of the most frequently used antitumor agents for the treatment of cancer, including cervical, lung and gastric tumors. However, 5-Fu treatment has a high incidence of toxicity in bone marrow, the gastrointestinal tract, the central nervous system and skin, which has prompted efforts to develop derivatives aimed at reducing its adverse effects (4, 5) . The identification of new anti-cancer drugs with low toxicity and high efficiency that can be used in combination with existing agents, such as 5-Fu, and serve to optimize their efficacy, may result in the development of novel therapeutic methods for the treatment of lung and cervical cancer.
chan-Yu-Bao-Yuan-Tang (cYBYT), a traditional chinese medicinal herbal aqueous extract, has been used for many years to treat lung and cervical cancer in china. cYBYT has been demonstrated to inhibit the growth of SPC-A-1 cells by causing cell cycle arrest at the S phase and inducing apoptosis, while having no significant inhibitory effects on normal human IMR-90 fibroblasts. Moreover, CYBYT was found to up-regulate Bax and cleave caspase-3 protein expression, downregulate Bcl-2 protein expression and release mitochondrial cytochrome c into the cytosol in a time-and dose-dependent manner (6) . Therefore, CYBYT may be an effective anticancer drug candidate with low toxicity to normal cells.
In the present study, we evaluated the effects of 5-Fu combined with CYBYT with regard to their activities against Evaluation of the combined effect of the agents. The effect of the drug combinations was analyzed using the method of Chou and Talalay (7, 8) , one of the most commonly used methods for the evaluation of combination effects by medianeffect analysis. In brief, the two drugs were administered at a fixed ratio; the dose of the combination required to produce fractional survival was divided into the component doses D1 and D2 of the drugs CYBYT and 5-Fu, respectively. The combination index (CI) was calculated according to the equation: CI = (D1/Dx1) + (D2/Dx2) + α (D1D2)/(Dx1Dx2), where dx1 and dx2 are the concentrations of the drugs cYBYT and 5-Fu when used individually that produce a surviving fraction of x; and D1 and D2 are the individual concentrations of the drugs CYBYT and 5-Fu in a fixed ratio that produce a surviving fraction of x: α=1 or 0 depending on whether the drugs are assumed to be mutually non-exclusive or mutually exclusive, respectively. Since the sigmoidicity of the doseeffect curves for CYBYT and 5-Fu is different, α=1 in this study. CI indicates antagonism (CI>1), additivity (CI=1) or synergism (CI<1). The linear correlation coefficient r was generated for each curve to determine the applicability of the data to this method of analysis.
Morphological examination for apoptosis. The cells at logarithmic growth phase were harvested and seeded on 6-well plates at 1x10 5 cells/well. After 24 h of incubation, A549 and HeLa cells were treated with CYBYT and 5-Fu, alone or in combination, for 48 h, respectively. Morphological changes in the cells before and after treatment were observed under an inverted microscope (olympus CK-30, Tokyo, Japan).
Quantification of apoptotic cells. cell apoptosis was assayed by Annexin V and PI staining and analyzed by flow cytometry. The individual and combined apoptotic effects of CYBYT and 5-Fu on the A549 and HeLa cells at 48 h were respectively detected. After 2 ml of 1x10 5 cells/ml were seeded in each well of a 6-well plate and incubated for 24 h, all cells in the suspension and adherent cells were collected. after centrifugation for 5 min at 500 x g at 4˚C, the cell samples were washed in icecold PBS. The supernatants were discarded, and the cell pellets were resuspended in ice-cold diluted binding buffer at 5x10 5 to 5x10 6 cells/ml. Annexin V-FITC solution (5 µl) and PI (2.5 µl) were added to 100 µl of the cell suspension, which was mixed gently and maintained on ice for 10 min in the dark. Additional ice-cold 1X binding buffer (400 µl) was added to the prepared cell samples, which were mixed gently and analyzed by flow cytometry and with CellQuest software (9) .
Western blot analysis. A549 and HeLa cells (2x10
5 cells/ plate) were exposed to the individual and combined effects of CYBYT and 5-Fu for 24 or 48 h. Then, all cells in the suspension and adherent cells were respectively collected, as described above. Aliquots of cell lysates containing 20 µg of proteins were separated by 12% SDS-polyacrylamide gel and transferred to PVDF membranes. The membranes were blocked with TBST buffer containing 5% skimmed milk, incubated with polyclonal antibodies to caspase-3 (1:500) or β-actin (1:500) overnight, followed by the addition of horseradish peroxidase-linked anti-rabbit Igg and eCL visualization of the bands. The images were analyzed using the Bio-Rad image detection system (Universal Hood II; Bio-Rad), and quantitation was performed using Quantity one software (Bio-rad).
Statistical analysis. Data are presented as the means ± standard deviations of five independent experiments and analyzed by one-way AnoVA and paired t-tests. otherwise, linear regression and correlation were applied. For all tests, statistical significance was set at the level of P<0.05.
Results

Effects of 5-Fu or CYBYT on the inhibition of cell viability and the combination index of the two-drug mixture.
The inhibition of proliferation by CYBYT (800, 400, 200, 100, 50, 25 and 12.5 µg/ml) was assessed in A549, HeLa and IMR-90 cells using the MTT assay, respectively, after 24 or 48 h of cYBYT exposure following a 24-h culture in drug-free medium. As shown in Fig. 1A , the growth of the A549 and HeLa cells was significantly inhibited in a dose-and time-dependent manner. The IC 50 values of CYBYT were 133.03 µg/ml (24 h) and 69.24 µg/ml (48 h) in the A549 cells, and 253.27 µg/ml (24 h) and 142.78 µg/ml (48 h) in the HeLa cells. CYBYT or the combination treatment had little effect on normal human IMR-90 fibroblasts after 24 or 48 h of treatment, suggesting that the proliferation inhibitory effects of CYBYT were relatively potent against lung and cervical cancer cells, but not against normal cells when compared at the same concentrations. Additionally, CYBYT combined with 5-Fu maximized the efficacy and minimized the toxicity of 5-Fu (Fig. 1A and C) .
The effect of 5-Fu (64, 32, 16, 8, 4, 2 and 1 µg/ml) on A549 and HeLa cell viability at 24 or 48 h was also assessed. Fig. 1B shows that the cell proliferation was effectively inhibited after 24 or 48 h of 5-Fu exposure; a linear correlation was found between the cell growth inhibition rate and 5-Fu concentration. For the same concentration of 5-Fu, the cell growth inhibition rate increased with time, while at the same time points, the cell growth inhibition rate also increased with increases in 5-Fu concentration. The IC 50 values of 5-Fu on A549 cells were 7.35 µg/ml (24 h) and 3.45 µg/ml (48 h), and on HeLa cells, 30.76 µg/ml (24 h) and 12.04 µg/ml (48 h).
To investigate the combined effects of CYBYT (400, 200, 100, 50, 25, 12.5 and 6.25 µg/ml) and 5-Fu (32, 16, 8, 4, 2, 1 and 0.5 µg/ml) on the growth of A549 and HeLa cells, the cells were exposed for 24 or 48 h to both drugs concurrently at a fixed molar ratio (CYBYT:5-Fu ratio, 12.5:1). The inhibitory effect on proliferation was also assessed by the MTT assay. The ic 50 values of the combined CYBYT and 5-Fu treatment on the A549 cells were 44.21±3.54 µg/ml (24 h) and 19.32±1.55 µg/ml (48 h), and for HeLa cells 87.44±7.00 µg/ml (24 h) and 57.88±4.63 µg/ml (48 h) (Fig. 1C) .
The inhibition rates were next analyzed using the method of Chou and Talalay (7). As shown in Fig. 2 , the CI values were <1 when the fractions affected were <0.619 in A549 cells. 
Morphological changes of the cells after individual or combined CYBYT and 5-Fu treatment.
In order to examine whether the individual and combined effects of CYBYT and 5-Fu on the growth of A549 and HeLa cells were due to apoptosis, cellular morphological changes characteristic of apoptosis were observed under an inverted microscope. As shown in Fig. 3 , cell growth was inhibited after treatment with the drugs, and marked morphological changes were observed, such as dispersed cells, reduced size, altered proportion of nucleus to cytoplasm, membrane blebbing and apoptotic bodies. While the cell membrane was intact, it was shrunken with dark edges. The endochylema produced transparent vacuoles, and the cytoplasm presented radial, lobulated and nail-like protrusions. Buds formed at the membrane, and apoptotic bodies were shed (10, 11) . More necrotic cells were visible after 5-Fu treatment as compared to CYBYT treatment. Treatment with the two drugs combined demonstrated a more significant effect exemplified by decreased cell size, larger intercellular space, clearer boundaries, more defined apoptotic morphology and fewer necrotic cells.
Apoptosis induced by individual or combined CYBYT and 5-Fu treatment.
Annexin-V conjugates allow the identification of cell surface changes that occur early during the apoptotic process (12, 13) . To quantify apoptotic cells after individual or combined treatment with CYBYT and 5-Fu, a biparametric cytofluorimetric analysis was performed using Annexin V-FITC and PI. Annexin V-FITC labels apoptotic cells, while PI labels mid and late apoptotic or necrotic cells. Representative flow cytometric plots are shown in Fig. 4A and B; the vertical axis indicates the fluorescence intensity of Annexin V-FITC and the horizontal axis, the fluorescence intensity of Pi. accordingly, annexin V + /PI -cells were considered early apoptotic cells, annexin V -/PI -cells were considered to be living cells, Annexin V -/PI + cells were mechanically injured cells, and Annexin V + /PI + cells were mid and late apoptotic or necrotic cells. The cells were clearly divided into the above four types.
This study showed that CYBYT and 5-Fu, alone or in combination, inhibited cell proliferation by inducing A549 and HeLa cell apoptosis. Compared to the untreated control, the proportion of the total and early apoptotic rates increased in the A549 and HeLa cells when treated with CYBYT or 5-Fu or a combination of the agents. The effects of combined treatment on total apoptosis were stronger than those of CYBYT or 5-Fu treatment alone. Furthermore, the rate of mid and late apoptosis or necrosis was greater after 5-Fu treatment than after CYBYT or combined treatment, while the early apoptotic rate demonstrated opposite results in both cell lines (Tables I and II and Fig. 4 ).
Western blot detection of the activation of caspase-3.
To gain insight into the molecular mechanisms of the induction of apoptosis by CYBYT and 5-Fu, alone or in combination, in the A549 or HeLa cells, caspase-3 protein, a critical executioner of apoptosis, was assessed in the cells by Western blotting. Tables III and IV and Fig. 5 show that after individual or combined CYBYT and 5-Fu treatment for 24 or 48 h, the density of the bands of pro-caspase-3 (the uncleaved precursors of caspase-3) decreased and levels of cleaved caspase-3 increased. The ratios of the densitometric measurements of the cleaved/uncleaved caspase-3 and cleaved caspase-3/β-actin gradually increased in a time-dependent manner, indicating that pro-caspase-3 was hydrolyzed and activated with time.
The ratio between cleaved and uncleaved caspase-3 protein expression levels after CYBYT treatment alone was 0.0537±0.0030 (24 h) and 0.6693±0.0182 (48 h) in the A549 cells; both were higher than those of the 5-Fu group. nevertheless, the combined effect was stronger than that of CYBYT or 5-Fu alone in A549 cells. Under the same conditions, the ratio of cleaved to uncleaved caspase-3 protein expression levels after CYBYT treatment alone was 0.0161±0.0099 (24 h) and 0.1068±0.0045 (48 h) in the HeLa cells, which were also higher than those after 5-Fu treatment, while the combined effect was stronger than that of CYBYT or 5-Fu alone in HeLa cells. Furthermore, a time-dependent shift in the ratio of cleaved/uncleaved caspase-3 and cleaved caspase-3/β-actin was observed after CYBYT and 5-Fu treatment, alone or in combination. Moreover, a similar tendency in the ratios between cleaved caspase-3 and β-actin was observed after CYBYT and 5-Fu treatment, alone or in combination, under the same treatment conditions and in the same cells.
Discussion
We previously reported that CYBYT and 5-Fu both induced apoptosis in human adenocarcinoma cells (6) , while the toxic side effect of 5-Fu is an important influencing factor in the treatment of cancer (4). The popularity of traditional herbal medicine used as a complementary or alternative medicine is increasing. recent evidence also suggests that chinese medicine alone or combined with chemotherapy reduces toxic side effects, improves the inhibition of chemotherapy, reduces metastasis, and enhances the quality of life and prolongs the lifespan of patients (15) .
In the present study, we found that CYBYT and 5-Fu, alone or in combination, effectively inhibited cell proliferation and growth in A549 and HeLa cells in a time-dependent manner, but did not exhibit significant toxic effects in IMR-90 cells, suggesting that cYBYT has selective cytotoxic effects on cancer cells. This selectivity of CYBYT or the combination treatment towards cancer cells may be related to differences in the genomic stability of cancer and normal cells (14) . These results suggest that cYBYT warrants evaluation as a novel therapeutic agent with few side effects for the medical treatment of lung and cervical cancer. Table III . expression of caspase-3-activated fragments in A549 cells detected by Western blotting (mean ± SD, n=5). Table I . effects of each experimental treatment on the apoptotic rate of A549 cells detected by Annexin V-FITC/PI doublestaining (mean ± SD, n=5). Table IV . expression of caspase-3-activated fragments in HeLa cells detected by Western blotting (mean ± SD, n=5).
Cleaved/pro-caspase-3 Cleaved caspase-3/β-actin Cleaved/pro-caspase-3 Cleaved caspase-3/β-actin We also evaluated the drug-drug interaction between CYBYT and 5-Fu using the CI method. our findings strongly suggest that a combination therapy using CYBYT and 5-Fu may achieve a synergistic effect on lung and cervical cancer. The results obtained were identical to those of previous studies (16, 17) , which revealed that relatively high concentrations of 5-Fu were required to achieve significant cytotoxic effects against A549 and HeLa cells. These studies evaluated the inhibitory effect of a single herb or its extract on cancer. However, in this study CYBYT was prepared by boiling multiple herbs at a high-temperature, which may create a chemical process to generate more therapeutically effective supermolecular structures. Thus, the CYBYT more closely represented the combinations of herbs used in traditional Chinese medicine and better reflected the actual treatments used in the clinic for individualized therapies, compared to single herbs. The combination of CYBYT and 5-Fu in this study had a synergistic inhibitory effect on the proliferation of A549 or HeLa cells at greatly reduced concentrations, and the two drugs combined also resulted in fewer necrotic cells compared to the 5-Fu treatment alone. Thus, it is conceivable that CYBYT controls and minimizes the side effects of 5-Fu.
CYBYT and 5-Fu, alone or in combination, significantly increased the protein level of cleaved caspase-3, and hydrolyzed and activated pro-caspase-3 in a time-dependent manner. It was further confirmed that 5-Fu induced minimum early apoptosis and caspase-3 activation, while the apoptotic pathway induced by 5-Fu was consistent with that of previous studies (16, 18) . Furthermore, the hydrolysis and activation rate for the combination treatment was superior to that of The results of Western blotting for the treatments were consistent with the early apoptosis rate, suggesting that cleaved caspase-3 is a marker of early apoptosis appearing mostly in early apoptotic cells.
In conclusion, 5-Fu and CYBYT combination treatment suppresses the growth of lung or cervical cancer cells by a synergistic effect with the induction of apoptosis. This in vitro synergistic effect supports the clinical application of a combination chemotherapy protocol to patients with lung or cervical cancer.
